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CHIT I GAL COMPRESS ITS STRESS FOR OUTSTANDING- FLANGES 
By .Eugene E. Lundquist and Elbri dge, 'Z . Stowell 



SUMMARY 



A chart is presented for the "Tallies of the coefficient 
in the formula for ijhe critical' 'compres'si ve stress at which 
Duckling may be. expected to occur in outstanding fiances., 
These flange's are flat rectangular plates supported along 
the loaded edge s , • support ed .and elasticaliy restrained 
a loss; one unloaded edge , and free along the other unloaded 
ed='e. ... _ , ' . 

The mathematical derivations - of the- formulas required 
for the construction . of the chart are given.. 



INTRODUCTION 



In the design of stresse-d-skin structures for air- 
craft as well as. in the design of. compression members, it 
is desirable to know the compressive stress at which buck- 
ling occurs. In practice the . structure is usually so im- 
perfect or so eccentrically loaded that lateral deflection 
starts with the beginning of loading. Uhen lateral deflec- 
tion starts with the: beginning of loading, however, there 
is usually a very pronounced increase in deflection at "the 
critical compressive stress for which buckling would have, 
occurred had the structure been perfectly straight and cen- 
trally loaded. The evaluation of this critical compres- 
sive stress for a. flat plate,, with certain -conditions of 
edge support, is discussed in this paper. 

. ¥hen. a flat plate- is. loaded in compression, the. two 
loaded edges are either simply supported or restrained in 
some manner. .If the two unloaded edges -are -not supported, 
the plate i s . consi der.ed to be a column.. , When one, or both, 
unloaded edges are also supported or restrained in some 
manner, the critical compressive stress is greatly in- 
creased over that for the plate as a column. Thr.t the com- 
pressive stress is increased when one, or both, edges are 
supported or restrained in some' manner has been recognized 
for years. Because of the importance of the edge condi- 
tions, formulas based on the assumption that each edge of 
the plate is free, simply supported, or- fixed have been 
employed in design. (See the summary of these formulas 
given in reference 1.) 
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A -study of the theory and the more reliable test data 
on the buckling of plate elements in stressed-skin struc- 
tures and compression members, revealed the necessity for 
a more careful consideration of the edge conditions of 
plates than has been previously attempted. Accordingly, 
studies were made of the critical compressive stress for 
I-, channel, and rectangular-tube sections in -which 

proper consideration was ^iven to the interaction between 
the individual parts of the cross section* (See refer- 
ences 2, 3, and 4.) In order to make the results of the 
work more generally applicable, studies were also made of 
the basic plate elements that comprise these sections. 
All the design charts resulting from this investigation 
were made available ^in 1938. The combination of the pres- 
ent paper with references 2, 3, 4, and 5 is a more com- 
plete presentation of all this material. 

The basic element treated in this paper is a plate 
simply supported along the loaded edges, supported and 
elastically restrained against rotation along one unloaded 
edge and free along the remaining unloaded edge. This 
basic element is representative of the outstanding flange 
on the I-, Z-, and channel-section columns. In reference 
5 is treated the basic element representative of the webs 
of these sections with, elastic restraint along both unload- 
ed edges. 

The mathematical derivations required for' the investi- 
gation of the present paper are given in appendixes A and 
B. The results of practical use are given in the body of 
the paper. 

EVALUATION OF CRITICAL STRESS 



JUi* hk ^„ibe_ e 1 a s t i c_r anj e . - Within the elastic range 
in which the effective modulus of elasticity is Young's 
modulus, the critical compressive stress f cr for a thin 

flat rectangular -elate is expressed as (reference 6, p. 
331, equation (214)) 

-or a. 2 ' * 1 



where 



.12(1 - p, )b' 



■k nondimensional' : "coefficient that depends upon 
conditions of edge restraint and shape of 
.'olate 



E Young' s modulus 



t thickness of plate 

H Poi.sson's ratio 

b width of plate 

Beyond .th e elastic range.-* When the plate is stressed 
in compression "beyond the elastic rexie . the effective 
modulus of elasticity for the plate is less than Young's 
modulus. If a single, over-all effective plate modulus 
TIE is substituted for Young's modulus ' S, the critical 
stress, when the material of the plate is loaded "beyond 
the elastic ran?e , can "be obtained from equation (l). 
The nondimensional coefficient T) has a. value that lies 
betwe.en zero and unity and is determined by the stress. 
Por. stresses within the elastic range, T| = 1. For a more 
complete discussion and definition of 7], see reference 2. 

If Tjl is substituted for 1 in equation (i), the 
resulting equation cannot be directly solved for £ cr » 

If the equation is. divided by Tj, however, ^cr/ll. is 
given directly by the geometrical dimensions of the plate, 
Young's modulus E, and Poisson's ratio y,.. Thus 

±cr _ "" k it 8 E t 3 , ( 2 ) 

T] ~ 12(1 - ^ 2 )b 2 

Por a given material, the relationship between f cr 
and f cr /7j tends to be fired by the compressive stress- 
strain curve. This relationship is discussed in reference 
2, where it is shown how probable relationships between 
f cr and- f cr /Tj are obtained from the -column curve of the 

material because column curves are more readily available 
than compressive stress-strain curves. .The question is, 
therefore, what column formula should be used? Equations 
(8) and (9) of reference 7 define column curves that apply 
when the material just satisfies the minimum requirements 
of ITavy Department Specification 46A9a for 24-S-T aluminum 
alloy. The relationships between f cr and f CT /^ for 
this case are given in references 2, 3, and 4 and in fig- 
ure 1. of this paper.- - . 



4 



The 243-1' material delivered under specification 
46A9a almost always has properties that are "better than 
the minimum required properties. The relationships "be- 
tween f cr and f c -r/il for the average 24S-T material de- 
livered are given in figure 2. This figure has "been pre- 
pared in the manner described in reference 2, the column 
curves for average 24S-T material as given in reference 8. 
"being used. 

Figures similar to 1 and 2 of this paper may "be pre- 
pared for any material. The engineer using this paper 
must therefore decide whether the computation should "be 
"based on minimum required material properties or average 
material properties. 

Hegardless of whether figure 1 cr 2 is used, if the . 
restraint against the rotation of the flange at its "base 
is near zero and A/b is greater than approximately 2.5, 

T "4* 

it is recommended that the ctirve T] = ~ — •— "be used. 

For all other values of the restraint, the curve T) = 

JL±_5jZ1. should be satisfactory. In figures 1 and 2 the 
4 

different equations involving T merely identify differ- 
ent curves that result from the relationships indicated. 
The value of T is E/E, the ratio of the effective col- 
umn modulus for "bending failure at the stress f cr to 
Young's modulus. 

"When the restraint against the rotation approaches 

zero, the T) '= — curve is recommended in recognition 

2 

of the fact that the resistance of the plate elements to 
"buckling arises largely from their torsional rigidity. 
The two curves recommended to show the relationship "between 
f cr and f cr /^l should he used until future experimental 

data indicate that different curves should "be used. 



EVALUATION OF k 

The value of f cy ./T\ at which buckling occurs is =?iven 

by equation (2), in which all of the quantities are known 
except the value of the coefficient k. The values of k 



5. 



the width, 
termed the 
Trayer and 



can he. ohtained from figure 3; figure 3(h) Is a portion of 
figure 3(a) plotted to a larger scale. In this chart, k 
is plotted against the ratio- of the half-wave length to 
A/h for different values of a parameter e, 
"restraint" coefficient. (In reference 9 
March refer to c as the "fixity" coefficient. 
In this paper € is called the restraint coefficient to 
avoid confusion with the fixity coefficient c for col-" 
umn s . ) 



coefficient £ depends upon the rela- 
;he plate and the restraining element 
the side edge of the plate. The simplest conception 
is ohtained when the restraining element, or stiff- 
is assumed to he replaced "by an elastic medium in 
rotation at one point does not influence rotation at 
another point. lor this type of restraining medium along 
the edge of the plate, 



The restraint 
tive stiffness of • 
along 
of £ 
nes s , 
whi ch 



within the elastic range' 



4S, 



D 



(3) 



"beyond the elastic range € 
where 



4S 0 h 



(4) 



D 



stiffness per unit length of elastic re- 
straining medium or moment required to 
rotate a unit length of eia.stic medium 
through one-fourth radian 

flexural rigidity of plate, per unit length 



i-12(l - u- a )J 



u coefficient to allow for a decrease in D 

due to the application of stresses "beyond 
the elastic range 



Inasmuch as T] is a function of stress, its value 
for-24S-T material can he ohtained from figure 4 or 5, de- 
pending upon whether minimum required properties or aver- 
age properties are "being used. The values of 



i» 



2 » 



also, given in figures 4 and 5 occur in appendix A. 



If S Q is zero 



e . is also zero and the condition 

, or zero restraint , is obtained. If 
€ is also infinite and the condition of 
f infinite restraint is obtained. There- 
from zero to infinity will cover 



of simple support 
S Q is infinite, 
a fixed ed^e or o 

fore a variation of c * ^ w- - - 

all possible conditions of restraint at the side edge of 
the plate. 



Figure 3 shows that for each value of € there is a 
value of X/b for which k is a minimum. Strictly, a 
whole number m of half -wave lengths X must exist in 
the. length of the plate a. Hence, 



X 
b 



a 

m"b 



(5.). 



Thus, to read a value of k from figure 3, it is neces- 
sary to substitute m = 1, 2, 3, etc., in equation (5) 
until a value for X/b is obtained that gives the small- 
est value of k in figure 3. This smallest value of k 
is the one to be used in equation (l) or (2). This gen- 
eral procedure will always give the correct value of k 
for use in equation (l) or (2) regardless of whether or 
not S Q , an d hence e, is 
length X. 



function of the half -wave 



For the special case in which S Q , and hence e, is 

independent of the half-wave length X, the general pro- 
cedure described for obtaining a value for k can be used 
to construct a new chart, with the abscissa X/b replaced 
by a/b. This new chart is given in figure 6. 

When S Q , and hence e, varies with X or X/b, 
figure 6 should not' be used but the general procedure as 
applied to figure 3 should be used to 'obtain the correct 
value of k for equations (l) and (2). 



EVALUATION OF S, 



AO € 



3efore it is possible to determine k from figure 3 
or 6, it is necessary first to evaluate the restraint co- 
efficient e . The value of S Q to be substituted in 
equation' (3) or (4) will depend upon the characteristics- 
of the structual member, or members, that provide the re- 
straint. In this paper it is assumed that the restraint 
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Is provided by a specially defined elastic ■ restraining me~ 
dium. As a result of this assumption, it has "been possi- 
ble to derive the general chart of figure 3, which is inde- 
pendent of the structure that provides the restraint. 

The "basic property of .the elastic-restraining medium 
is that rotation at one point of the medium does not affect 
rotation at another point of the medium. In many practical 
problems the elastic restraint is provided "by a stiffener, 
a plate, or some othe,r structure for which rotation at one 
point affects rotation at another point. Consequently, the 
evaluation of S Q in- any given problem must take into ac- 
count the effect of this interaction within the elastic re- 
straining structure. 

The formula for S 0 to "be used in any given prooien 
will depend upon the type of structural member that pro- 
vides the restraint. Because this entire subject of re- 
straint ' supplied to the side ed^e of a plate has been 
rather superficially treated in the literature, it .is "being 
made the subject of a series of papers "by the jtfACA, the . 
first of which is reference 10. 



Langley Hemorial- Aeronautical Laboratory", 

National Advisory Committee "for Aeronautics, 
Langley field, 7a. 
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APPENDIX A 



SOLUTION BY DIFFERENTIAL EQUATION 



The ' procedure for obtaining the critical stress- of a 
plate uniformly compressed along two opposite, simply sup- 
ported edges is given in reference 6 (p. 337). In this 
method, which was also used "07 Dunn in reference 11, the 
critical stress is found by solving the differential equa- 
tion expressing the equilibrium of the' buckled plate. The 
same method is applied in this paper to the case in which- 
an elastic restraint against rotation is present along one 
unloaded edge of the plate, while the other unloaded edge 
remains free to deflect and to rotate. For generality, 
the elastic restraint is assumed to arise from an elastic 
medium distributed along the unloaded edge; this medium 
has the basic property that rotation at one point within 
it does not influence the rotation at any other point. 

Figure 7 shows the coordinate system and the plate 
dimensions. The differential equation for the equilibri- 
um of a plate element is 



f uniformly distributed compressive stress 

t thickness of plate 

w deflection normal to plate 

2c longitudinal coordinate in direction of 
applied stress 

D flexural rigidity of plate, per unit length 

y transverse coordinate across width of plate 

T x , T 2 , and t 3 coefficients equal to or less 
than unity 




%vhere 
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2 2 

In equation . (A-l ) , the "term ft (3 w/3x ) is con- 
cerned with the external forces on the plate that cause 

Duckling; whereas the term" - D ( T, S-2 + 2T 2 — 2_2E_ _ + 

3x 4 3x 2 3y 2 

3 4 w\ 

T 3 q - "^) is concerned with the internal resistance of the 

plate to "buckling. The terms involving T x and T 3 in 

equation: (A-l) are concerned with the longitudinal and the 
transverse "bending, respectively; whereas the term involv- 
ing T 2 is concerned principally with the torsional stiff- 
ness. The coefficients T x , T 2 , and T 3 allow for the 
change in the magnitude of the various terms as the plate 
is stressed "beyond the elastic range. In the elastic 
range T x = T 2 = T 3 =1. 

The loaded ed^es are simply supported and are not dis- 
placed in the direction: w. Of the several forms of the 
general solution of equation (A-l), the following form was 
selected as appropriate for this problem: 

/ ay a.v i3~ r 

w = Ci cosh — + 0 2 sinh — + 0% cos --- 

\, D 0 D 

Py \ nx f . \ 

+ C 4 sin — ) cos -j- (A-2) 

where 



a = 



ana 



' 3 



TT 



"B! 



Equation (A-2) 'satisfies the "boundary conditions at the 
loaded edges and gives real values for "both a and 3 
near the "buckling stress f = f, 



cr ' 
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The values of the coefficients 0i., 0 2 , C 3 , and G 4 

are to "be found from the "boundary conditions along the side 
edges of the plate, The value of A, the half-wave length 
of. the "buckle pattern, is found from the condition that 
there must he an integral number of half-wave lengths in 
the length a of the plate; thus 

X= I ' (A-6) 

m 

where m = 1, 2, 3, etc. 

In the elastic range, where T x = T 2 = T 3 = 1 , the 
values of cg and 0 are 

« - - /T (A - 7) 




(A-8) 



The solution given by equation (A-2 ) .was selected to 
satisfy the "boundary conditions of no deflection and sim- 
ple support (no moment) along the loaded edges. The bound- 
ary conditions along the unloaded side edges have also to 
he satisfied. The "boundary conditions along the unloaded 
side edges are : 



j? ! ! ! I '+ v. £si 



\°7 



I y=o 



4S, 



Vdy/ 



7=0 



■ (A-9 ) 
(A-10) 



_ 3 w ■ . a w 

\*7 ox ; y=1b 



= 0 



(A-ll) 



D 



a 3 w 



By" 



* + (2 - n> 



B 3 w 



= 0 



3x By| 



! J~ "0 



(A-12) 



where S Q is the stiffness per. unit length of . the elastic 
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restraining medium or the moment required to rotate a unit 
length of the medium through one-fourth radian. 

From equations (A-9 ) and (A-10) are obtained: 



a + p " \ J 



0- = - 



a + P 



30 4 ) 



where 



4S Q b 
6 = — 



(A-13) 
(A-14) 

(A-15 ) 



From equations (A-li) and (A-12), are obtained: 



p sinh a + - — S-£ — (p cosh a + q cos p) 



a 2 + p 3 



- C 4 | q sin P -gfii — - (p CO sh a + q cos p) 

L a + 8 



= 0 (A-16) 



C 3 fqa, cosh a + __^_£__ ( qa s i n h a - Dp sin p) 
i- a 2: + p 2 



- 0 4 jpP cos P — g (qa sinh a - np sin P) j=0 (A-l?) 

L a + P J 



where 



p = a 2 



/TTb\ 



q - P 2 + , ($) 



(A-18) 
(A-19 ) 



The buckled form of equilibrium of the plate is ob- 
tained when the determinant formed by the coefficients of 
C 2 and O4 in equations (A-16 ) and (A-17) equals zero. 

Thus, 

(a 2 + p 2 ) (p 2 p sinh a, cos p — q 2 cx cosh a, sin. P) 

■22 

+ € ! (p +q ) aP cosh a cos P + 2pqa? 



+ (p 2 p 2 ~q 2 a 2 ) sinh a sin p = 0 



(A-20) 
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This equation establishes the critical compressive stress 
for an outstanding flange elastically restrained against 
rotation at one unloaded side ed?e. Thus equation (A-20) 
was used to establish the exact values of k given in 
table I. 

The condition of simple support (no restraint) along' 
the supported edge is described by e = 0. For this spe- 
cial case, the problem is to find the smallest value of 
k ^ 0 that will satisfy equation (A-20) when t = 0. 
A convenient method for determining this value of k is, 
first to solve for c: 

£ , ( oc 2 + 3 2 ) (p 3 $ sinh a co s 3~ q 2 a c o sh a sin 3 ) 

(p 2 +q s )a3 cosh a cos 3+2pqc&3+ (p 2 £ 2 ~q. 2 a 3 )sinh a sin 3 

(A-21) 

When £ = 0, either 

a 2 + 3 2 = 0 (A-22) 

or 

p 2 3 sinh a cos 3 - q 2 a cosh a sin 3=0 ' (A-23) 

or 

(p 2 +q 2 )a3 cosh a cos 3+2pqa3+ (p 2 3 2 ~q 2 a- 2 ) sinh a sin 3=» 

(A-24) 

Equation (A-22 ) is true only if k = 0, which can be 
true only if the compressive stress f is zero. Equa- 
tion (A-24) applies only if k = », which can be true 
only if the compressive stress f is infinite. Conse- 
quently, if a finite value of k f 0, for which e = 0 
exists, equation (A-23) must be satisfied. 

The special case of a fixed side edge (infinite re- 
straint along the supported edge) is described by e = oo. 
Equation (A-21) shows that, if £ = », either 

a 2 + p 2 = « (A-25) 

or 

p 2 3 sinh a cos 3 - q 2 o- cosh a sin 3 = 03 (A-26) 

or.. 

(p s +q 2 )a3 cosh a cos 3+2pqa3+(p s 3 a -q 2 a s )sinh a sin 3=0 

(A-27) 



Equation (A-25 ) is true only for k = oo, which, can "be 
true only if the compressive stress f is infinite. Equa- 
tion (A-26-) cannot "be true for a finite value of k. 
Hence if a finite value of k, for which e = » exists, 
equation (A-27) must "be satisfied. 



Because the exact solution of the differential equa- 
tion given in appendix A does not lend itself to a direct 
calculation of k, as in the case of the energy method of 
solution, an energy solution was made to aid in the con- 
struction of the chart of figure 3. The energy method 
gives approximate values for k, the accuracy of which 
depends upon how closely the assumed deflection surface 
describes the true deflection surface. 

The energy method as applied to the calculation of 
critical compressive stress, is given in reference 6 (p;, 
327). The plate is stable when (7 X + T 3 ) > T, and un- 
stable when (T x + 7 2 ) < T, where T is the work done "by 
compressive forces on the plate, V x is the strain ener- 
gy in the plate, and T 2 is the strain energy in the elas 
tic restraining ■ medium along one side edge of the plate. 
The critical stress is obtained from the condition of neu- 
tral stability: 



If w is the deflection normal to the plate at any 
point x,y in the plane of the plate shown in figure 7, 
and S 0 is the stiffness per unit length of the elastic 
restraining medium or moment required to rotate a unit 
length of elastic medium through one-fourth radian, then 
T, Y x , and Y 3 are given "by the following equations, (see 

reference 6, equations (199) and (201), and reference 9, 
equation. (73 ) ) : 



APPENDIX B 



SOLUTION BY ENERGY METHOD 



T 



(B-l) 




b A/2 



T = 



ft 



dx dy 



(B-2) 



• o -A/2 
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■b A/2 f 

P P 



o -X/2 ! 



2 ■ -i 



, \ !"/ 3 2 w N 3 w 3 w v , , 



(B-3) 



A/2 



4S 

v 2 --5 



v 

-V2 



p r 



(if) 



2 r =o 



(3-4) 



In order to evaluate 1, Y lt and V 2 , it is necessary 

to assume a deflected surface w consistent with the 
"boundary conditions. These "boundary conditions at the side 
edges of the -elate are. in the coordinate system of figure 
7. 



(w) = 0 
y=o 



(B-5) 



D 



'y=o v J 'y=o 



(B-6) 



„ /3 2 w , 3 2 w\ 



= o 



y=o 



(B-7) 



D 



-3y : 



+ (2 - ja) - 



3 3 w 



= 0 



(B-8) 



3x 3yj 



y=b 



When buckling occurs, a restraining moment will be 
applied to the plate along the ed?e y = 0; the magnitude 
of the moment will depend upon the stiffness of the elastic 
restraining medium. If the elastic medium offers no re- 
straint against rotation, this moment will be zero and the 
plate will swing about the- edge y = 0, as about a hinge. 
In this case the plate will remain essentially flat across 
its width. On the other hand, if the elastic medium offers 
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infinite restraint against rotation, the plate will not 
rotate alone; the edge y = 0, and the plate, will deflect 
across its width into a shape similar to that for a canti- 
lever "beam. for any restraint of the elastic medium Be- 
tween zero and infinity, the deflection curve across the 
width of the plate is taken as the sum of the straight 
line and the cantilever-deflection curve. In the direction 
of the length, the usual sine curve indicated by the solu- 
tion of the differential equation is used. Thus the de- 
flection surface assumed for the plate is, in the coordi- 
nate system of figure 7, 




(B-9) 



where A and B are arbitrary deflection amplitudes and 
&x = - 4.963, a 2 = 9.852, and a 3 = - 9.778. These val- 
ues of a x , a 3 , and a 3 were selected by taking the pro- 
portion of two deflection curves that ^are the lowest crit- 
ical compressive stress for a fixed edge flange for which 
y. = 0.3. These two deflection curves were for a cantilever 
beam with lateral uniform load and for a lateral load pro- 
portional to y. 

The condition B = 0, represents the case of a sim- 
ply supported or hinged edge at y = 0. Tho case of A = 
0 represents the condition of a clamped edge at y = 0. 
The ratio A/B is therefore a measure of edge restraint, 
and is related to the restraint coefficient e through 
the boundary condition s;ivon in equation (3-6). Substitu- 
tion of w as riven by equation (B-9) into equation (B-6) 
gi ve s : 

B = A ~— (B-10) 
2a 3 

where, by definition, 



e = 



4S 0 b 



(B-ll) 



16 



Substitution of the value of B as ?i?en in , expres sion 
(B-lO)into the deflection equation (B-9), ^ives: 



{i 



2a 



3 L 



8 w 



+ a • 



Equation (B-12) shows how the shape of the deflection sur- 
face is affected by the restraint coefficient e. This 
equation, is used in the evaluation of Y x , V 2 , and I. 
Thus , 



Tr a ht /l 
4 A V3 



c 8 e . c Q e 



9' 



2a s 4a 3 s 



) 



(B-13) 



Y i - A 2bA v - ^ + s vr; + s [tU; 



+ c 2 - M- c ; 



where 



-5 

4 | 2 + /ttd\ 



f + c 6 



(B-14) 



j = a 2 ^ 
2 8b 3 



(3-15) 



_1_ 

a 3 



fZ ai 2a^ la 
i_ + _± + — a. + 

\7 3 5 Z J 



3 1 _ 



= 0.23594 



= _ 2 _ 


(1 + 


a 3 


= JL 


(6 + 


" a 3 




1 




a 3 2 


Vli 



c 3 = _L (6 + 5 &1 + 4 a2 + 3 as ) - 0.89395 



a, s 2a P a P 2 2aia 3 a 3 2 a. 

Ca = I + _J:_ + 2 + __a_ + _X_ji + _3_ + __i 

9 9 7 7 5 5 



Mfs) = 0.04286 
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C5 = Jkr, (±91 + l±± a a + 48aa + i2a 2 2 ' + 16a x a 3 + 4a- 2 
a 3 V 7 5 



+ 80a! + 20a 3 + 36a x a 2 + 12a 2 a 3 j) = 0.56712 

1 /25 ,16 2 ^ 30 ,9 s . 16 o a 

a 3 2 ^9 7 7 5 o 



+ 4 a 3 2 + 5a x + a 3 + 4a 1 a 2 + 3a 2 a 3 j = 0.17564 
3 3 ' 



1 2 
c 7 = — - (5 + 9a x + 8a 2 + 7a 3 + 4a x + 7a 1 a 2 + 6a x a 3 

+ 3a 2 2 + 5a 2 a 3 + 2a 3 2 ) = 0.19736 
c 8 = a 3 c 1 = - 2.316 8 
c 9 = a 3 2 c 4 = 4.0982 

It is permissible to substitute the values of T, Y x , 
and 7 2 as =?iven by equations (B-14) to (B-16) into equa- 
tion: (B-l), only when the applied stress f has its crit- 
ical value f cr . After this substitution, it is found that 

f = — k-Ul-E.t 2 ... (3-16) 
12(1 - p. ) T) 



CO 



. 1 Afb\ c 
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Equation (B-17-) was used • to. .cal culate the., values of 
.k listed in the • columns designated (a) of table I. With 
-these values of . k as a s;uide, a number of correct valuers 
of k were obtained "by satisfying equation (A-20) of ap- 
pendix A. In this manner the errors' in k as ^iven by 
equation (B-l?) were e stabli shed at isolated points. 
Iron this knowledge of t.he errors, corrections were made 
to all the values of k ^iven in columns (a) of table I.- 
Those corrected values of k, which are recommended, are 
listed in the columns designated (b) of table I. The rec- 
ommended values of k were used in the construction of 
figures 3 and 6.. 
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TABLE I. - V ALU Ho OF k IN IHS BUCKLING FORMULA r'OR OUTSTANDING FLAHOES ELASTICLLY RESTRAINED AT THE BASE > 
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2.009 
2.014 

2.024 
2.034 
2.051 
2.076 
2.113 

2.200 


lb) 
: i-954 
1-957 
1.959 

r.965 

1.968 
1.972 
1.974 

1.983 
1-992 
2.008 
2.033 
2.069 

2.150 


(a) 
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1.463 
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.690 
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•589 

.602 
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°.640 

.663 
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1.726 

2.237 


•513 

• 537 

.s6l 
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2.170 


.520 
• 5?4 
.665 

.805 
.871 
c i.0O3 
1.128 
1.248 

I'.bll 
1.872 
2.15$ 


0.539 
.655 
.729 
.821 
.911 

1.000 

1.171 
1.336 
1.494 
1.794 
2.072 


0.559 
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2.209 
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1.023 
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a Values obtained, from the energy method. b Re00mmende d values. =Values obtained from the exact solution of the differential equation. 
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Variation of f Qr with f cr A| for 24S-T aluminum 

alloy of minimum required properties. (When 
f cr /r]<19,600 lb/sq in., r\ - 1 and f Qr = f cr /rj .) 
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Figure 2.- Variation of f cr with f cr /n for 24S-T aluminum alloy 
of average properties. (When f cr /r]<16 ,700 lb/sq in., 
r) = 1 and f cr = f cr /n . ) 
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Figure 4.- Variation of T i j T 2 ' T 3 5 an( ^ ^ with the 
compressive stress, f , for 24S-T aluminum 
alloy of minimum required properties. 
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Figure 5,- Variation of t , T g 

compressive stress, f , for 24S-T aluminum 
alloy of average properties. 
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